Abstract: Soil erosion not only results in severe ecological damage, but also interferes with soil organic carbon formation and decomposition, influencing the global green-house effect. However, there is controversy as to whether a typical small watershed presumed as the basic unit of sediment yield acts as a CO2 sink or source. This paper proposes a discriminant equation for the direction of CO2 flux in small watersheds, using the concept of Sediment Delivery Ratio (SDR). Using this equation, a watershed can be classified as a Sink Watershed, a Source Watershed, or a Transition Watershed, noting that small watersheds can act either as a CO2 sink or as a CO2 source. A mathematical model is used to analyze how natural and anthropogenic factors affect the type of CO2 flux. After assigning each factor (turnover rate of the carbon pool, erosion rate, deposition rate, cultivation depth and period) values at three levels (low, medium, and high), and combining 243 scenarios, the influence of increasing or decreasing crop residue return is also analyzed. The results show that low erosion rate, short cultivation period, low depositional rate, slow carbon pool turnover rate, and deep cultivation depth are unfavorable for the formation of the Sink Watershed; a decreased residue return by 30 % may result in transformation towards the Source Watershed; an increased residue return by 30 % may strengthen the basic CO2 sink by a factor ranging from 2.4 to 5.4.
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Introduction

36
Soil plays an important part in the global carbon cycle. Soil comprises an 37 enormous carbon pool of about 1200 ~ 2500 Gt C (see e.g. Schlesinger, 1991; Balino 38 et al., 2001 ) that actively exchanges about 60 Gt C per annum with the atmosphere 39 (Balino et al., 2001) . Lal (1995; 2003) suggests that, by interfering with the process (like silicate and carbonate) (Berner et al., 1983; Meybeck, 1982; Amiotte Suchet et 48 al., 1995) . The organic process which involves all the three stages of detachment, 49 transport, and deposition can be more complicated. In the erosion region, with the 50 decrease of soil fertility due to organic carbon loss in the top layer, crop residue 51 returning into the soil carbon pool also declines (Lal et al., 2004(b) ). Simultaneously,
52
the decomposition of organic carbon slows down because of the decrease in fresh 53 carbon supply (Fontaine et al., 2007) . It may also be the case that newly bared 54 mineral substances in the top layer could stabilize the SOC, and thus slow down the 55 rate of degradation (Quinton et al., 2010) . During sediment transport, the soil 56 particles break down accelerating the decomposition of SOC (Jacinthe et al., 2002; 57 Polyakov and Lal, 2008; Alewell et al., 2009 ). However, the extra CO 2 flux 58 generated by this process may not be very significant (Van Hemelryck, et al., 2010; 59 2011 flux in small watershed need re-evaluation.
139
Let α and β represent ratios of the vertical carbon flux to the lateral carbon flux 140 in the watershed:
144 so that
148
where T C is the organic carbon exported out of the watershed (g C yr -1 ). Thus:
150
Dividing Equation (6) by T C :
152
Note that the left side of Equation (7) represents the ratio of carbon vertically (8)
160
According to Equation (8) 
166
where SOC E and SOC T are the organic carbon content within the eroded soil and it is reasonable to suppose that:
172 Thus,
174
where SDR is the Sediment Delivery Ratio of the watershed, which can vary between 175 0 and 1.
176
Combining Equation (8) and Equation (12), the discriminant equation for CO 2 177 flux type is as follows:
179 Equation (13) The above expression for ECR has the form of a hyperbola. Theoretically, ECR 188 has 4 forms according to the values of α and β:
In practice, Form (2) cannot exist, because:
where I C is the input intensity of CO 2 from the atmosphere to soil (g C yr given small watershed, the input and intensity of CO 2 through photosynthesis at both 201 the eroding and the depositional sites can be presumed to be the same, so that 
209
where C E and C D are the carbon inventories at the eroding and depositional sites (g C 210 m -2 ). In general,
212 so that
214
That is, if α < 0, then β < 0. Therefore, α + β is also smaller than 0. Form (2) In the erosion region,
262
and in the deposition region, carbon pool due to the elevation change of the top layer through erosion or deposition.
272
C sub can be calculated using the erosion (deposition) rate and the SOC distribution.
273
Given that:
275
277
and
279
where A E and A D (m 2 ) represent the erosion and deposition areas respectively. Thus, 
283
The average α and β during the cultivation period T (yr) are:
where I D can be calculated using the depositional rate and the SOC profile. Cs and SOC inventories (Table 3 ).
294
Fig . 3 compares the modeled ,  (Equation (21), (22), (29), (30) depth, cultivation period, the yearly erosion depth and deposition depth respectively.
303
Other parameters can be derived from these basic ones (see notes below Table 3 ).
304
Since erosion provides the material for deposition, v (27):
322
and dividing by α to obtain
324
In general (where erosion is not extremely severe), 
Scenario Analysis
336
A series of scenarios has been conducted in order to study the conditions under 337 which each of the three types of watersheds occur. 
The depositional part of the watershed is not included in Jacinthe and Lal's study.
556
However, the type of CO 2 flux in the watershed is not affected, since α < 0 (see Fig.   557 1).
558 Table 3 560
Parameters used in the verification of slow carbon model. 
